Inadequate soil management alters the microbiological attributes of the soil, causing reduction in microbial biomass and activity. Microbial biomass is the living and active part of the soil and can serve as an indicator of changes in the quantity of due to changes in land use. This study aimed to evaluate the effect of intercropping and soil tillage systems on the microbial biomass in castor bean-based crop in the Irecê Plateau, Bahia, Brazil. The experiment was carried out on an eutrophic Haplic Cambisol with clay texture in the Mata Verde Farm of Alto do Quindinho, municipality of São Gabriel, Irecê Plateau, Bahia, Brazil. Six intercropping systems were evaluated including solely castor bean (control) and castor bean intercropped with each of the castor bean cake, common bean, pigeon pea, corn, and gliricidia. Plowing + harrowing and subsoiling were the two soil tillage techniques associated to the intercropping systems. C and N contents in microbial biomass (Cmic and Nmic), soil basal respiration and metabolic quotient were determined in soil samples collected from the 0-10 and 10-30 cm layers. The different soil management systems influenced microbial biomass and activity, and the most suitable conditions for soil microbiota occurred in the soil tillage system with subsoiling. In the semi -arid condition, at 0-10 cm depth, the castor bean + castor bean cake crop system promoted an increase of Cmic content, and the castor + gliricidia system increased Nmic content, both under soil tillage with subsoiling.
Introduction
The region of Irecê is located in Northwestern Bahia, Brazil, and is considered as one of the country largest producer of castor bean. Its soils have high natural chemical fertility, but inadequate soil management, associated with water deficit, high temperatures and low physical quality of soils, contribute to low agricultural production in the region.
Joint analysis of these parameters generates an index called metabolic quotient (qCO 2 ). This index relates microbial respiration with the magnitude of its biomass, providing an analysis of the efficiency of microorganisms at transforming soil organic C into microbial-C (Anderson & Domsch, 1993; Alves et al., 2011) .
The amounts of N immobilized in the biomass can reach very high values, above 100 kg ha -1 (Anderson & Domsch, 1980) . The N retained in the biomass is released as the microorganisms die and are mineralized by the remaining population, which is the reason why in soils subjected to environmental stresses most of the N mineralized can be of microbial origin (Marumoto et al., 1982) . Therefore, microbial biomass acts as a N buffer of the soil, since it controls its availability through processes of mineralization and immobilization. In different soil management systems, the microbiota undergoes different stimuli due to the composition of the residues of plant species and to soil tillage methods. This results in differences in microbial activity, N immobilization-mineralization ratio and residue decomposition rates.
The effect of cover plants and tillage systems on the improvement of soil biological attributes should be quantified regionally and for each production system, because it depends on soil texture and mineralogy, relief and on the conditions of temperature and moisture (Cunha et al., 2011) . Thus, this study aimed to evaluate the effect of intercropping systems and soil tillage techniques on microbial biomass in castor bean crop in the Irecê Plateau, Bahia, Brazil.
Materials and Methods
The experiment was carried out in an area of the Mata Verde farm, in Alto do Quindinho, municipality of São Gabriel, Irecê Plateau, Bahia. UTM 24 L 182102 E and 8764029 S at an elevation 784 m a.s.l. The climate was semi-arid. The average annual rainfall was 583 m and the average temperature 23.3 ºC The soil was predominantly Tb eutrophic Haplic Cambisol (Embrapa, 2006) . Plots with 900 m 2 area (30 m × 30 m) were delimited and the spacing adopted for the castor bean crop was 3.0 m × 1.0 m, totaling 300 plants per plot. The cultivar 'BRS 149 Nordestina' was used, which has medium size, semi-dehiscent fruits and black seeds with 48.9% oil content. Its mean yield was 1,500 kg ha -1 and its cycle lasts 250 days (Freire et al., 2007) . Six castor bean intercropping systems were evaluated including (1) castor bean (control), (2) castor bean + castor bean cake, (3) castor bean + common bean, (4) castor bean + pigeon pea, (5) castor bean + corn, and (6) castor bean + Gliricidia (Gliricidia sepium) under two different soil tillage systems i.e. (1) conventional tillage with plowing + harrowing and (2) soil tillage with subsoiling before castor bean planting. Subsoiling was carried out with a subsoiler composed of three shanks spaced by 0.50 m and 0.05 m wide point, with 0.50 m working depth. The experiment was arranged in a split-plot design, in randomized blocks where soil tillage methods were the main plots and intercropping the subplots.
The soil presented the physicochemical characteristics contained in Table 1 . Note. H 2 O PWP = moisture at permanent wilting point, Density = bulk density, Avail P = available P, Avail K = available K, CEC = cation exchange capacity, BS = base saturation Soil temperature was monitored in each soil tillage treatment by copper-constantan thermocouples sensors (Alutal, Votorantim, São Paulo, Brazil) installed at 5, 10, and 20 cm depth. To monitor soil moisture, CS616 sensors (Campbell Scientific Inc., Utah, USA) were installed in each treatment, which recorded the moisture content integrated over the 0-30 cm layer. Soil temperature and soil moisture sensors were interconnected by a data logger (CR1000, Campbell Scientific Inc., Utah, USA), programmed to take readings every hour and store the data. Table 2 present mean values of soil temperature and volumetric moisture on the sampling days. Soil samples for microbiological analysis were collected using a Dutch auger at 0-10 cm and 10-30 cm depths. In each plot, nine soil cores were collected to form a composite sample for each depth. Immediately after collection, the composite samples were sieved through a 2-mm mesh, placed in plastic bags, identified and stored in cold chamber at 4 °C until analysis. Soil sampling was carried out on the days in which soil volumetric moisture contents were below the permanent wilting point (θ PWP < 0.17 m³ m -³), precisely on November 15, 2015; March 30, 2016; November 05, 2016 and April 11, 2017. Soil microbial biomass was determined by the irradiation-extraction method (Islam & Weil, 1998) , using electromagnetic energy (microwaves) to cause cell lysis in the microorganisms. For each treatment, two subsamples (irradiated and non-irradiated) of 20 g of soil were used. Samples were irradiated using a microwave oven and the time of irradiation was 90 seconds. For C extraction, a 0.5 mol L -¹ K 2 SO 4 solution was used. The samples were shaken for one hour in horizontal shaker at 180 rpm and, after half an hour of decantation, the supernatant was filtered using slow quantitative filter paper. For the analysis of C and N contents, aliquots of 5 and 20 mL were collected, respectively. Carbon content on the extracts was determined by wet combustion (Yeomans & Bremner, 1988) and nitrogen by the Kjeldahl method (Tedesco et al., 1995) .
Microbial biomass C and N (MB-C and MB-N) contents were calculated using Equations 1 and 2, respectively. ); Kc = correction factor for the method of irradiation-extraction of carbon from soil microbial biomass (Sparling & West, 1988) ); Kn = correction factor for the method of irradiation-extraction of nitrogen from soil microbial biomass (Brookes et al., 1985) and Kn = 0.54.
Soil basal respiration (SBR) was determined by quantifying the carbon dioxide (CO 2 ) released in the process of microbial respiration after 10 days of incubation according to Mendonça and Matos (2005) . Briefly, 100 g of each of the soil samples were incubated at 25 °C in hermetically sealed flasks in the presence of 0.5 mol L -1 NaOH solution (30 mL). After incubation time, the container was opened and kept for 15 minutes at room temperature. Then, 10-mL aliquots were collected in the NaOH solution and mixed with 3 mL of 0.5 mol L -1 BaCl 2 solution. The solution was titrated with 0.25 mol L -1 HCl after addition of phenolphthalein indicator. SBR was expressed in mg C-CO 2 kg -1 soil h -1 . The ratio between SBR and MB-C was used to determine the metabolic quotient (qCO 2 ), which expresses the efficiency of microbial biomass at converting soil organic C to microbial C (Anderson & Domsch, 1993) . The qCO 2 was expressed in mg C-CO 2 mg -1 MB-C h -1 .
Statistical Analysis
The data soil microbial biomass C (MB-C) and N (MB-N), soil basal respiration (SBR), and metabolic quotient (qCO 2 ) were subjected to an analysis of variance to evaluate the effect of soil tillage as well as the effect of the intercropping systems. The mean values of the soil tillage techniques were compared by Tukey test at 0.05 probability level to evaluate the effect of soil tillage and the mean values of the intercropping systems were separated using Scott-Knott test at 0.05 probability level.
Results
In both layers, the interaction between soil tillage and intercropping systems was significant for MB-C contents (Table 3 ). In general, soil tillage with subsoiling led to increase in MB-C in comparison to the tillage with plowing and harrowing. This response can be attributed to the greater turning of the soil by the plow and harrow, which accelerates the process of oxidation of soil organic matter causing stress on the microbial biomass. In the 0-10 cm layer, for soil tillage with subsoiling, the highest MB-C contents were found in the intercropping system with castor bean + castor bean cake. In the 10-30 cm layer, highest MB-C values were found in the intercropping systems with castor bean + castor bean cake, castor bean + common bean and castor bean + gliricidia.
The interaction between soil tillage and intercropping systems was significant for the MB-N contents in the 0-0.10 and 10-30 cm layers (Table 3 ). The intercropping system with castor bean under monoculture and soil tillage with plowing and harrowing (control) led to the lowest MB-N at the studied depths. Soil tillage with subsoiling, at the 0-10 cm, resulted in highest MB-N in the systems with castor bean + gliricidia and castor bean + pigeon pea.
All intercropping systems showed higher MB-N contents than the control (castor bean in monoculture and soil tillage with plowing and harrowing) at the studied depths, which can be due to the effect of management, because of the greater supply of organic residues. The effects were more pronounced in the systems with castor bean + gliricidia for soil tillage with subsoiling in the layers of 0-10 cm and 10-30 cm, where MB-N contents were 15 and 12 mg kg -¹, respectively.
Microbial activity, measured as evolved CO 2 , varied from 0.11 mg C-CO 2 kg -1 for castor bean + common bean and castor bean + gliricidia at 0-10 cm depth to 0.17 mg C-CO 2 kg -1 for castor bean + corn and castor bean + gliricidia at 10-30 cm depth for soil tillage with plowing + harrowing (Table 4 ).
In spite of statistical differences, amounts of released CO 2 -C between plowing harrowing and subsoiling systems regarding to the different intercropping systems were quite similar, especially in the 10-30 cm layer (Table 3) .In turn, the lowest values of SBR occurred in the castor bean + gliricidia, castor bean and castor bean + castor bean cake systems.
The intercropping castor bean + corn under soil tillage with plowing + harrowing led to the highest qCO 2 in the 0.0-10 cm layer (Table 4 ). There was no significant effect of the intercropping systems on the qCO 2 for both soil layers when subsoiling was adopted (Table 3 ). In the 0-10 cm layer, the intercropping systems with castor bean + corn and castor + castor bean cake led to higher values of qCO 2 when soil tillage was performed with plowing + harrowing compared to the tillage with subsoiling. Higher values of qCO 2 were also observed in the 10-30 cm layer for the systems with castor bean + common bean, castor bean + gliricidia, and castor bean + corn (Table 4) .
Discussion
In the present study, soil tillage with plow and harrow decreased MB-C contents indicating that this practice contributes to reducing the magnitude (and possibly the diversity) of soil microbial biomass, with large impact on the edaphic microbiota. Similar trend was observed by Cunha et al. (2011) who found that conventional soil tillage with plowing + harrowing led to lower microbial-C content compared to no-tillage system in the Brazilian Cerrado, indicating that soil turning damages microbial cells and consequently reduces the C content of the microbial biomass. On the other hand, subsoiling management because of less soil disturbance led to increase of MB-C and decrease SBR and qCO 2 , suggesting higher sustainability of the agricultural system.
In intensive soil tillage management, macro-aggregates are rapidly broken, making the occluded soil organic matter (initially physically protected) more vulnerable to decomposition and mineralization (Simansky et al., 2013) . This factor temporarily stimulate the microbiota to degrade soil organic matter, however, MB-C contents decrease rapidly with further depletion of the soil organic C (Lisboa et al., 2012) .
To obtain reference values for the microbiological quality of the agricultural field, Lopes et al. (2013) elaborated different levels of interpretation of bioindicators for clayey Red Latosols of the Cerrado region, in the 0-10 cm layer, based on the organic matter content of the soil. Considering the minimum value of 205 mg C kg -1 of soil based on the organic matter content proposed by these authors, the values of Cmic in the present study were considered as low in the system with castor bean + corn under tillage with plowing and harrowing, and classified as moderate (Cmic 206-405 mg of C kg -1 of soil) in the other systems. For Lopes et al. (2013) , this "low" value of microbial indicators can be a sign that inadequate management practices are being used
The results of the present study provide evidence that interaction between soil tillage with subsoiling and intercropping system with castor bean + castor bean cake has higher potential for microbial-C accumulation than the other evaluated systems. Ferreira et al. (2011) stated that management systems which promote less disturbance to soil microbial biomass have great stability, contributing to increase sustainability of the agricultural system. Lopes et al. (2012) evaluated a Tb eutrophic Haplic Cambisol in the Caatinga biome and observed that microbial-C increased in the superficial soil layers regardless of the years of intercropping because of the greater availability of organic matter, water and nutrients.
During prolonged drought periods, very common in the Irecê Plateau, Gliricidia sepium was the only specie that remained green after a water deficit period lasting from 2014 to 2017. However, we found that spacing of planting used in the present study, one row planted in the interrows of castor bean with 1.20 m between plants, seems not to be adequate to intercrop gliricidia with castor bean in the semi-arid region. New studies should be conducted to test the most adequate spacing for this intercropping, since this leguminous species, besides its resistance to drought and N fixation symbiotically, provides shade for animals, reducing stress and promoting thermal comfort, and serves as feed for cattle due to its high protein content.
The results of MB-N should be carefully interpreted, since a high biological activity may result from consumption of labile C and N pools, or due to oxidation of organic matter from the breakdown of aggregates by anthropic action, or even from the momentary addition of organic residues. Thus, high MB-N contents may indicate both a situation of disturbance and high productivity of the ecosystem (Islam & Weil, 2000) .
Higher SBR values in the intercropping of castor bean + corn under soil tillage with plowing + harrowing can be related to the disturbances caused on soil microbial biomass. The results of qCO 2 evaluating this system showed that microbial biomass was less efficient at using organic compounds, releasing more C in the form of CO 2 and incorporating less C to microbial tissues, especially in the 0-10 cm layer.
In general, plowing and harrowing treatments presented higher values of qCO 2 and SBR, which suggests greater loss of soil organic carbon compared to subsoiling management. This fact can be attributed to soil turning, which favors the oxidation of soil organic matter, increasing the release of CO 2 to the atmosphere.
According to Islam and Weil (2000) , SBR rates per si may not reflect an effect of soil disturbance. Instead, this variable should be preferentially related to qCO 2 values in order to obtain a more realistic diagnostic of soil environment. When qCO 2 is high, microorganisms are converting less soil organic C into microbial-C, which indicates a stress condition. According to Cunha et al. (2011) , when microbial biomass becomes more efficient, less CO 2 is lost to the atmosphere and higher C rate is incorporated to microbial biomass, resulting in lower values of qCO 2 .
Management systems in which soil microbial community is less disturbed there is great stability, contributing to higher sustainability (Ferreria et al., 2011) . Based on the results observed for the attributes of the microbial biomass, it can be inferred that, compared to soil tillage with plowing + harrowing, soil tillage with subsoiling caused lower disturbance in soil microbial biomass, leading to higher values of Cmic , which possibly results in greater sustainability of the agricultural activity.
Conclusions
The different soil management systems influenced microbial biomass and activity, and the most favorable conditions for soil microbiota occurred in the soil tillage system with subsoiling.
In the semi -arid condition, at 0-10 cm depth, the castor bean + castor bean crop system promoted an increase in the Cmic content, and the castor + gliriccide system increased in the Nmic content, both under soil preparation with subsoiling
